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R617Plant Biology: Do DELLAs Do
Defence?
DELLA proteins repress plant growth and developmental processes. Recent
data suggest that DELLAs improve survival by imposing growth restraint during
plant stress, enabling limited resources to be diverted to pathogen defence.
Nick Smirnoff and Murray Grant
Despite being sessile organisms,
plants adapt remarkably well to the
changing biotic and abiotic stresses
in their immediate environment. An
effective response to a major stress
requires the efficient and rapid
prioritising of resources. Recent
studies suggest that the cost of
induced plant defences is often
compensated by re-allocation of
resources destined for growth and
reproduction. The primary signals
co-ordinating plant defence and
consequently dominating resource
allocation in locally infected tissue
are complex. Induced defences are
classically associated with the
interplay between the phytohormones
salicylic acid (SA), ethylene (ET) and
jasmonates (JA), with the exact
combination of phytohormones
dependent upon pathogen lifestyle.
Resistance to biotrophic pathogens,
which depend upon a living host plant
for a continuous supply of nutrients, is
generally SA dependent. By contrast,
resistance to necrotrophic pathogens,
which obtain nutrients from dead
host cells killed in advance of their
growth, is controlled by JA–ET
signalling pathways. Genetic studies
indicate that SA and JA–ET defence
pathways interact antagonistically
[1,2]. A central aspect of the ability to
prioritise resources is the requirement
for a dialogue between growth and
developmental processes and
inducible defence mechanisms. Two
papers by Achard et al. [3] and Navarro
et al. [4], in a recent issue of Current
Biology, now provide some insight
into these processes.
A phytohormone that has long held
a prominent role in plant growth and
development is gibberellin (GA). GA
binds to GA receptors, facilitating
their association with a group of
nuclear-localised growth-repressing
DELLA proteins. These interactions
catalyse the destruction of DELLA
proteins via the 26S proteasome,
thus allowing expression of
GA-responsive genes [5]. Notably, 26S
proteasome-mediated degradation of
transcriptional repressors is emerging
as a paradigm for hormonal signalling.
Signalling by other plant hormones,
such as indole-3-acetic acid (IAA)
and JA, also makes use of the 26S
proteasome system through hormone-
dependent proteolysis of DNA-binding
proteins [6]. While GA has traditionally
been associated with processes such
as cell expansion, dormancy breaking
in seeds and flowering, other
phytohormones can also influence
vegetative growth by modulation of
DELLA levels. For example, ET
delays flowering through a reduction
in bioactive GA, resulting in the
accumulation of DELLAs that repress
the floral regulatory genes, LFY and
SOC1 [7]. It is becoming increasingly
evident that DELLAs act as a potential
node that integrates stress and
growth responses.
The papers by Achard et al. [3] and
Navarro et al. [4] extend previous work
that revealed a role for DELLAs in salt
tolerance by now showing that these
proteins differentially affect responses
to biotrophic and necrotrophic
pathogens and the balance between
production and scavenging of reactive
oxygen species (ROS). Previously,
these groups showed that DELLAs are
involved in restraining growth and
promoting survival during exposure
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between the plant hormones GA,
abscisic acid (ABA) and ET [7,8]. They
argued that growth restraint improves
survival during stress perhaps because
resources are diverted to defence and
because slow growth reduces the
requirement for external resources.
The recent papers provide several
novel findings. Firstly, DELLAs are
involved in the plant response to
pathogens. Secondly, DELLAs may
modulate sensitivity to JA and SA,
hormones involved in defence
against necrotrophic and biotrophic
pathogens, respectively. Thirdly,
DELLAs reduce ROS production and
increase the activity of antioxidant
enzymes. ROS are involved in growth,
signalling and pathogen responses,
so Achard et al. [3] suggest that
DELLA-mediated growth restraint
could be exerted by the reduction
in ROS levels.
DELLAs and Defence against
Pathogens
Navarro et al. [4] extended previous
studies on flagellin sensitive 2 (FLS2),
a leucine-rich-repeat receptor protein
kinase involved in basal defence. FLS2
recognises a 22 amino-acid epitope
(flg22) of bacterial flagellin, triggering
enhanced resistance to foliar epiphytic
bacterial pathogens and growth
retardation. In a screen of hormone
signalling mutants, Navarro et al. [4]
identified a role for DELLA proteins in
flg22-induced growth retardation.
DELLA-stabilised mutants, such as
ga1-3, showed a flg22-induced
growth inhibition, whereas the
quadruple-DELLA-deficient mutant
was marginally less inhibited in
growth by flg22 when compared with
wild-type plants.
Paradoxically, mutants with
stabilised DELLAs exhibited increased
susceptibility to the virulent bacterial
phytopathogen Pseudomonas
syringae pv. tomato (Pst), even though
FLS2 confers resistance through
activation of basal defences. However,
flg22-mediated resistance to Pst is
only effective following spray
inoculation. In this study [4], syringe
inoculation of Pst possibly overrides
flg22-mediated innate responses.
Conversely, enhanced resistance
to biotrophic Pst in quadruple-DELLA
mutants was associated with elevated
SA levels. The quadruple-DELLA
mutants also showed attenuated
induction of the JA marker genePDF1.2, consistent with an increased
susceptibility to the necrotrophic
pathogen Alternaria brassicola.
Notably, pretreatment (but not
co-application) with exogenous
GA elevates resistance to Pst
and increased susceptibility to
A. brassicola, consistent with a
requirement for prior destablisation
of DELLAs. These data support a
model in which DELLA instability
modifies the SA/JA balance.
Are ROS Involved in DELLA-Mediated
Growth Restraint?
Achard et al. [3] provide some
intriguing evidence to suggest that
ROS production and scavenging are
influenced by DELLAs: the quadruple-
DELLA mutant produces more ROS in
roots and in leaves, particularly after
infection by the necrotrophic pathogen
Botrytis, while a GA-deficient mutant
(ga1-3; DELLA-stabilised) produces
less ROS. The activity and expression
of ROS-scavenging enzymes (CuZn
superoxide dismutase and catalase)
show the opposite response. These
results suggest that DELLAs maintain
ROS at low levels. ROS have been
implicated in regulating plant cell
growth and other key processes
such as stomatal closure [9] and
accordingly, the ROS-dependent
root hair growth [10] is repressed
by DELLAs [3]. The authors suggest
that DELLA-mediated growth restraint
works via decreased ROS levels. This
is an interesting hypothesis that
should stimulate more research, not
least because our understanding of
the mechanism and generality of
ROS-stimulated growth are
rudimentary. There is evidence for
a positive role for ROS in cell expansion
in polarised cells, such as root hairs
and pollen tubes [10,11] and in roots
and leaves [9,12]; however, the
underlying mechanisms are not well
understood. Such mechanisms could
include ROS-initiated signalling
cascades [13], direct effects on wall
extensibility caused by hydroxyl-
radical-mediated polysaccharide
scission [14,15], or wall stiffening by
peroxidative cross-linking of cell-wall
polymers. Clearly, we need to know
more about how ROS control cell
expansion and the extent of variation
in ROS sensitivity of different cell types.
If low ROS levels restrain growth, this
needs to be co-ordinated with cell
division, which, conversely, is generally
inhibited by high ROS levels [16].Therefore, one of the problems in
assessing the roles of ROS is the
need to determine which ROS are
involved and where they are localised.
ROS-generating enzymes are
localised in the apoplast (peroxidase
and various oxidases) or plasma
membrane (NADPH oxidase), and it
may be that the redox state of the
apoplast should be given more
consideration as there is evidence
that, in addition to affecting growth,
it also affects NaCl and pathogen
responses [17,18].
Achard et al. [3] and Navarro et al. [4]
have uncovered a complex situation in
which hormones, through DELLAs,
influence redox state, growth, abiotic
stress tolerance and response to
pathogens. The idea that slow growth
is advantageous in nutrient-poor or
stressful environments was proposed
some time ago [19] and one could
speculate that DELLA-mediated
growth restraint is part of the
mechanism that determines
intrinsically slow growth rates in
stress-tolerant species. Such
adaptations are consistent with the
demonstration that DELLAs have
evolved to repress growth in situ [20].
These studies demonstrate that
DELLAs have also evolved to
influence defence responses and not
only elegantly explain the Gibberella
fujikuroi-induced ‘foolish seedling
disease’ of rice but posit a universal
role for DELLAs in plant defence.
Further research is necessary to
determine the causality of DELLA
stabilisation on plant defence
responses. Few, if any, transcriptional
profiling experiments implicate de
novo GA biosynthesis as a central
event in pathogen responses.
However, plants use phytohormonal
signals in a combinatorial manner to
achieve distinct outcomes and
therefore it will be necessary to
quantify phytohormone levels in the
ga1-3 and quadruple-DELLA mutants
before and after pathogen challenge to
understand how DELLA perturbations
impact hormone dynamics during the
infection process.
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